INTRODUCTION
By the term teledermatology we mean the provision of dermatological care to patients that are at a distant location from the specialized physicians (dermatologists). The physicians use the patient data that are acquired and transmitted by teledermatological systems, utilizing informatics and telecommunication technology, diagnose the disease, and suggest therapeutic measures.
Many studies (e.g., (1, 2) ) have proved that the general doctors are unable to diagnose successfully the 20 most common dermatological diseases. Many of those diseases may prove fatal if not diagnosed at their early stages (e.g., melanoma). Thus the need for teledermatological systems becomes obvious for distant rural areas, where dermatological care is usually provided by general doctors. Teledermatology gives easy and fast access to dermatological care to many patients, improves the level, and reduces the costs of the provided medical services. (3, 4) Furthermore it can be used for training of inexperienced medical personnel.
In this paper we present our experience, obtained by the implementation and operation of a store and forward digital imaging system aiming to offer teledermatological services. Store and forward imaging systems have been widely used in other applications of telemedicine such as teleophthalmology, (6) teleradiology, (7) and ultrasound. (8) The implemented system has been tested in the Department of Dermatology and Plastic Surgery in the Athens General Hospital. In the paper we have treated technological issues such as image acquisition, camera calibration, illumination, data transmission, and data compression, and we have tested the efficiency of the system. The rest of the paper is organized as follows: in the next section we present an overview of the system, in the section Technological Features we continue with the technological issues, in the section The System in Practice we present the application results of our system, and finally the section Conclusions summarizes the results and concludes the paper.
SYSTEM OVERVIEW
A typical teledermatological system is constituted of a local station, a distant station, and the network (Fig. 1) . (9) In local station A are installed the tools for storing and managing the medical data. The doctor is able to manipulate the images and to store them along with the patient's demographic and textual clinical data into a database. In case that the doctor is unable to make a reliable diagnosis and a specialist is needed, then the data are sent to distant Station B. In Station B a TCP/IP application server is deployed, which stores the images. The only data needed by Station A are the IP address of Station B and a port number from which the application server waits for data.
When the data transmission is completed, the doctor at Station B can examine the images and make a diagnosis. For the support of diagnosis, the image viewing application provides digital processing tools. These include enlargement, rotation, increase of dynamic range, contrast enhancement, etc. When the doctor completes the diagnosis, he sends it to station A with directives to the local doctor. Then he stores the clinical and demographic data along with the images to a database. These data, accompanying to the image, were determined by the requirements of the expert medical personnel and can be summarized to the following: Sex, age, origin, profession, exposure to ultraviolet radiation, phototype, multiplicity, heredity, age of appearance, preexistence of nevus in the same skin area, asymmetry, existence of lesion contour changes, size changes, color changes, lesion diameter, itching, redness, regression, existence of satellites, sanguineous, ulcerous,and coexistence of other diseases.
In Fig. 2 we present the graphic environment of the application that was developed with a zoomed pan window of the skin alteration. In the left side are located the buttons for digital processing.
TECHNOLOGICAL FEATURES
The technological issues that are raised in the implementation of a teledermatological system along with proposed solutions are discussed in the following paragraphs and include image acquisition, illumination, color calibration, data transmission, and data compression.
Image Acquisition and Illumination
There are quite a lot of equipment and environmental constraints that adversely affect the image quality of the target. These can be summarized to Fig. 3 . The lighting geometry of the image acquisition system consists of a color video camera, two focusing lenses (mounted on an articulated arm) that face the target at an angle of 45 • , a light source that sends lights to the lenses through fiber optics, and a personal computer for image processing.
3. variable environment illumination; 4. reflections due to skin nature and illumination constraints; and 5. color quality and constancy. (10) The proposed digital image acquisition system is able to handle the aforementioned problems using high-resolution cameras, proper illumination, and polarizers to avoid skin reflections. The implemented image acquisition system as it is illustrated in Fig. 3 consists of a. a 3-chip CCD color video digital video camera (Panasonic GP-US502) with resolution 811(H) × 508(V) pixels in visible spectra and an RGB output. It comes with a built-in digital signal processing (DSP) circuit for noise reduction and better operability; b. a 150-W, 21-V quartz halogen lamp, with color temperature of 3300 K, which delivers a relatively smooth spectrum without many spikes; c. a personal computer; and d. circular polarizing filters in front of the CCD receiver and the light focusing lens.
The lamp's light is transmitted and delivered onto the surface at an angle of 45
• and the reflected light is collected at 0 • to the surface normal. This illumination and capturing geometry is internationally established for color measurements, because it eliminates shadows and reflections. (11) To optimize color rendering ability, we use fluorescent lamps, with temperature within the 2900-3300 K range, with a Color Rendering Index (degree of ability to produce light output optimal for true color rendering) of 85 or higher. (12) The system provides the possibility to define regions of interest manually and therefore ability to optimize the illumination for that limited region. Thus systematic errors due to nonhomogeneous light, which are common to chromatometers, are avoided. Although the above geometry effaces most of lighting reflections, it is very difficult to create uniform illumination at an angle greater than 45
• over the entire field of view and over curved surfaces as the human skin. Reflections will always exist, because of the curved surface of the skin (Fig. 4(a) ). Our system eliminates the remaining reflections through additional polarizing filters. The electromagnetic waves of light will attenuate according to the formula:
Amplitude after polarizing = Amplitude before polarizing × cos θ
where θ is the angle between the oscillating direction of the wave and the polarizing direction of the filter. Positioning therefore two polarizing filters in front of the light source and the CCD camera and adjusting their polarizing directions vertically, we may minimize reflections. The effect of the polarizing filters is demonstrated in Fig. 4 . In Fig. 4 (a) θ = 0 and in Fig. 4 (b) θ = 90
• .
Input and Output Color Calibration
Store-and forward-image-based telemedicine relies mostly on the visual assessment of the transmitted images on screen monitors or in printed paper; therefore color quality and constancy are considered essential. For input devices such as cameras or scanners calibration to color means establishing the relationship between an original color and the output image. For output devices such as displays or printers this means establishing the relationship between the signals sent to the device and the produced color (emitted light or ink on paper). The next two subsections discuss these issues.
Color Camera Calibration
To perform reliable acquisition of color images, we have to achieve color constancy independently of the used camera or the illumination variances. The calibration of our system is performed in two steps: (a) calibration to black and white and (b) color calibration with regard to the Macbeth color chart for constancy.
The calibration to black and white includes comparing camera response to black and white standards with their known lightness and appropriate modification of intensity output values. This procedure requires the calculation of two images-BLACK and WHITE (three-dimensional arrays of pixel values). The BLACK image is calculated as the average of a set of frames that are acquired after covering the lens (we have averaged 30 frames). It corresponds to an image matrix, which should have ideally zero values for all pixels. The following equation holds
where c is the color plane (red, green, blue) m, n are the pixel x, y coordinates, and offset is the CCD error for zero input. The WHITE image is calculated as the average of a frames set capturing the perfect diffuser BaSO 4 (we have averaged 30 frames). WHITE image corresponds to an image matrix, which should give ideally a value of 255 for all pixels. Supposing that I w [c, m, n] is the ideal image we have
If a[c, m, n] is the captured image, then the correction becomes
During the black and white calibration it should be ensured that CCD is functioning in its dynamic range and is not saturated. This is done by adjusting the iris electronically until one of the three RGB channels is 255, while the other two are close but below 255. Black and White calibration is then performed to each of the RGB channels separately.
The possible problem of shading, thus the image being bright in the center and darker as one goes to the edge of the field-of-view, is handled through appropriate correction. Shading correction is performed by division of an image with all pixels having R = G = B = 255 by the white reference image (previously calculated) and then multiplying a captured image with the lookup Table I generated by the division.
The responses of the cameras are generally nonlinear in a nonuniform manner. Therefore, apart from calibration to black/white and shading correction, to achieve constancy for the intermediate colors, we have to perform colorimetric calibration. The primary methods reported for colorimetric calibration include among others, 3D lookup tables (e.g., (13, 14) ), reflectance calculation from characteristic vector analysis (e.g., (15) ), least squares polynomials (e.g., (16) ), and set theoretic approaches (e.g., (17) ). However, these approaches require procedures and additional equipment that are too complicated for a system that is destined to be used in a hospital environment by rather inexperienced personnel.
The main requirement of our system is the acquisition of uniform colors independently of the external illumination or the response of the acquisition system and it is fulfilled by a quite simple but effective approach: we use the Macbeth Color Checker to map the responses of the present system to the responses of a reference system and we construct a lookup table. The Macbeth Color Checker (18) is a checkerboard array of 18 colored and 6 neutral charts, which reflect light in the visible spectrum.
For the reference measurements we have implemented a controlled environment trying to minimize the influence of external illumination. For our calibration procedure we acquired images of the Macbeth Color Checker. For each of its color charts we acquired 30 images at various moments, taking care that the charts were located near the image center, to minimize the undesired geometric effects of the acquisition system. To extract the values, we have averaged the pixel values of image windows of size 20 × 20 for all the acquired frames. The resulting RGB values formed the reference values for the 18-color charts. The procedure is illustrated in Fig. 5(a) .
Each time that the acquisition system or the illumination changes, a similar procedure has to be repeated. The resulting average RGB values for the charts are mapped to the reference values and from these mappings a lookup table is constructed for each channel. The intermediate values are interpolated using cubic polynomials. The procedure is illustrated in Fig. 5(b) .
The main advantage of this approach is that it provides acceptable accuracy while we do not need prior knowledge of the Macbeth Color Checker charts' reflectivity, of the illumination spectrum, and of the camera response to it. Therefore no additional equipment (e.g., spectrophotometers, colorimeters) is required and a system can be calibrated in a relatively easy manner.
Color Calibration of the Display Monitor
Image-based telemedicine requires obviously a display device where the skin lesion image is depicted. Display devices color reproduction is not problemfree; the reproduced colors may be significantly altered because of the nonstandardized color management procedures of the output systems. Although cooperation between leading companies in desktop computer industry and the color reproduction industry has led to developments through the International Color Consortium (ICC), color reproduction across different systems remains a challenging task. ICC has proposed device profiles that would ensure an open vendor-neutral, cross-platform color management. However, the common reference, the Profile Connection Space, still is not able to cover the diverse needs of the industry. The color processing is also not standardized and proprietary color definitions and gamut mappings pose significant problems. (19) At the moment the problem may often be treated through device characterization (establishment of a relationship between an original color and the signals generated). For monitors the parameters that vary and thus have to be characterized are the white and black points, chromaticity, luminance level at maximum output, and "gamma" of each color channel. Several methods for monitor characterization are described in Berns. (20) Finally, although in our test application color printers were not incorporated, we should mention that the situation is more difficult since the impurities of the ink and the physical interface between ink and paper result in images full of color flaws. The color generated on paper is difficult to predict from the individual ink amounts. Empirical characterizing may be performed to associate the CMYL signals to the produced XYZ colors, using polynomial functions as described in Crowether and Poropatich. (21) 
Data Transmission
The issues related to data transmission are the communication infrastructure, transmission method, and the data compression, analyzed in the following subsections.
Telecommunication Infrastructure
An important part of the system is the telecommunications infrastructure. Data transmission through the public telephony network is quite attractive because of high availability and low cost but it suffers from low bandwidth and thus it is improper for the huge amount of image and sound data that have to be transmitted. In our system we have used the ISDN protocol for the data link layer. For the transmission and the network layer we used the pair of TCP/IP protocols, which ensure cheap, simple, and reliable full-duplex communication.
Real Time Against Store and Forward
A basic issue concerning communication is the choice between the transmission of real-time interactive video and the "Store and Forward" (S&F) method with or without real-time audio.
The "S&F" system is simpler, cheaper, and does not require synchronous communication of the two stations. Because of the asynchronous transmission of data the delays of the network are less important and thus lower bandwidth network can be used. Furthermore, the examination procedure is quite easy to program because of the fact that both sides (dermatologist and patient) can interact with the system independently. The average time required for the examination of the images and the diagnosis amounts to 6 min. This time covers the examination of images, the patient's file, and the rest transmitted data (transmission time is not of interest in that case). Such a system was used to connect the medical center Walter Reed with Somalia. (22) The main advantage that the interactive real-time video offers is that the dermatologist has the ability to ask questions; he can also ask for additional images. The teleconference usually requires 10-25 min/session including the session establishment and the transmission time. (9) The hybrid systems may transmit still frames along with real-time audio. An example of such a system is the Picasso StillImage Phone System.
(23) Discussing the application requirements in our case with the associating physicians, we found out that the S&F technique is quite adequate for teledermatology.
Data Compression
The most amount of bandwidth during data transmission is consumed by images. The data throughput is significantly enhanced if the images become compressed. Many compression algorithms have been presented in the past. These can be classified to lossless and lossy. In the former case the reconstructed image is identical to the uncompressed one while in the latter there is loss of information. In this class belongs the wavelet compression algorithm that we used. (24) Wavelets are functions defined over a finite interval and having an average value of zero. The basic idea of the wavelet transform is to represent any arbitrary function f(t) as a superposition of a set of such wavelets or basis functions. These basis functions are obtained from a single prototype wavelet by dilations or contractions (scaling) and translations (shifts). The Discrete Wavelet Transform (25) of a finite length signal x(n) having N components, for example, is expressed by an N × N matrix.
There are several ways wavelet transforms can decompose a signal into various subbands. These include uniform decomposition, octave-band decomposition, and adaptive or wavelet-packet decomposition. (26) Out of these, octave-band decomposition is the most widely used. This is a nonuniform band splitting method that decomposes the lower frequency part into narrower bands and the high-pass output at each level is left without any further decomposition. Figure 6(a) shows the various subband images of a three-level octave-band decomposed Lena using the CDF-9/7 (27) biorthogonal wavelet, which is used in our system.
THE SYSTEM IN PRACTICE

Results With Various Compression Factors
For our pilot application we used 50 pictures that were compressed using the wavelet algorithm varying the image quality. Then the images were evaluated by experienced plastic surgeons, specialized in skin alterations. All images were acquired and calibrated to color with the procedure described in the section Technological Features. For the projection of images a 19" screen with analysis 1600 × 1200 pixels was used. The images that were placed to evaluation portrayed various chromatic dermal alterations, as spots (dysplastic, relatives), blots (Spitch, Hatsinson), and melanomas (acral, superficial spreading, lentigo, nodular). In all the cases a specialized doctor diagnosed the lesion by optical evaluation. The size that was measured was the agreement between the two diagnoses, the optical assessment in real space and the diagnosis that was based on the digital images. The patient's demographic and historic data were also available. The doctor gave a factor of certainty, from 1 to 10, for his diagnosis (one corresponds to low certainty for the correctness of diagnosis and 10 to high).
To conclude about the effect of compression of picture, we used four levels of compression with various quality factors. The factor Q = 10, as well as Q = 30 in certain cases, had as a result the creation of block artifacts that caused difficulties in the definition of the contour of the dermal damage. Because of the fact that the contour shape is important for the diagnosis, the specialists were unable in some cases to decide for the type of lesion.
Shortcomings
The most serious problem for the implementation of telemedicine systems is their acceptance by the doctors. The participants in the study expressed their positive attitude towards the use of teledermatology and its perspective.
All dermatologists expressed the opinion that illumination is decisive for the success of a teledermatological system. For the brighter skins the diagnosis is easier and more precise. Some expressed the opinion that the pictures with the surface reflectances also were useful for the diagnosis. The use of polarizing filters enhanced the chromatic consistency of the images but limited the surface reflectances thus eliminating useful image features. Therefore we used at least two images, with and without the presence of surface reflectances.
The most important problems that were mentioned by the doctors are the inability to feel the skin as well as the refusal of certain patients to be photographed in particular body areas like the genitals. Also the inability to come in direct contact with the patient caused dissatisfaction. Obviously the implementation of a system in real time would handle this problem in 1
• . Despite this, the majority of doctors that participated in the trial recognized the usefulness of store and forward teledermatology.
CONCLUSIONS
We have shown the implementation pilot application of a teledermatology system with store and forward capability. The profits for the patients from teledermatology include speed and accuracy of diagnosis, avoidance of transportation, and thus low costs. Mainly for countries like Greece, where there are many regions with difficult access in medical services and unequal demographic distribution, telemedicine is considered essential. The profits for local general doctors and distant dermatologists include ability to handle many patients in cooperation to each other, cost and time saving, and experience enhancement.
During the implementation of the system we have examined the technological constrains regarding the image acquisition and illumination, the camera calibration, the data transmission, and the data compression. We have presented an installation for image acquisition that is able to minimize the reflections thus keeping the color information unaffected. However, reflections are not always undesired and such images are acquired as well. Furthermore we propose a simple calibration procedure for the CCD sensor that is able to ensure color constancy. The telecommunication infrastructure is examined and the store and forward approach versus real-time interactive video as well. The data throughput is enhanced through the use of wavelet compression.
The applicability of the system has been tested through surveying expert dermatologists. Various compression ratios have been tested and the diagnosis certainty for each of them has been presented. As expected, the higher the compression the less certain is the diagnosis. For a compression ratio of about 10:1 the accuracy of the diagnosis seems to be almost unaffected.
The system is considered by the dermatologists to be very useful. However the personal contact between patient and doctor is missing and expected to be partially handled through systems that work in real time.
